Background: People with HIV (PWH) are at risk for developing metabolic comorbidities driven, in part, by immune activation/inflammation. Little is known about diet quality, a potential modifiable factor in PWH.
Introduction
People with HIV (PWH) are aging and life expectancy of PWH in developed regions is approaching that of the general population. Despite effective treatments available to maintain suppression of the HIV virus, multiple studies have demonstrated that PWH are experiencing comorbidities such as obesity, dyslipidemia, diabetes, and cardiovascular disease (CVD) (1) (2) (3) (4) (5) (6) . Women with HIV (WWH) face a 3-fold increased rate of myocardial infarction and a 2-fold increased rate of stroke compared with women without HIV (7) (8) (9) . Mechanisms underlying this heightened risk among both men and especially WWH include increased rates of traditional CVD risk factors such as smoking (10) , obesity (11) , and heightened inflammation/immune activation (12) (13) (14) .
Diet is a modifiable risk factor for metabolic abnormalities prevalent among PWH, and a healthy diet has been demonstrated to prevent or delay the onset of these comorbidities in the general population (15) (16) (17) . Indexes of diet quality have been developed in recent years to measure adherence to dietary guidelines as well as the totality of individual dietary components; one such index is the Healthy Eating Index (HEI). The HEI is a composite tool that measures overall diet quality and assesses the degree of adherence to the Dietary Guidelines for Americans (18) . Higher HEI score, indicating greater adherence to the Dietary Guidelines for Americans, has been associated with reduced risk of all-cause mortality as well as cardiovascular-and cancer-related mortality, in the general population (15, (19) (20) (21) . Working with PWH to modify diet quality may offer a potential intervention to prevent or delay onset of metabolic comorbidities without added pill burden. However, few studies to date have explored diet quality in PWH using the HEI score (22) (23) (24) . Understanding deficiencies regarding diet quality may help to tailor more effective dietary interventions for PWH.
In the present study, we compared dietary characteristics and overall diet quality in HIV-infected and HIV-uninfected adults. We explored diet quality by HIV serostatus and sex and predictors of diet quality within the HIV group. In addition, we explored relations of diet quality and detailed measures of inflammation/immune activation known to be altered in this population.
Methods

Study participants
HIV-infected individuals and uninfected controls were recruited between September 2006 and December 2012 (3, 12) . Participants with HIV were recruited from HIV clinics and community health centers in the Boston area and by newspaper advertisements. HIVuninfected participants were recruited from the same communities to ensure that the groups would be similar with respect to demographic and clinical characteristics. Two hundred and forty-one participants were screened for this observational study, including 169 HIV-infected and 72 HIV-uninfected participants. Of these participants 60 (44 HIV-infected and 16 HIV-uninfected) did not return a 4-d food record and were not included. Of the 181 participants who did return a 4-d food record, 40 participants (22 HIV-infected and 18 HIV-uninfected) were not included in the analysis because HEI scores could not be calculated from the food record data using the 2012 software version of the Minnesota Nutrition Data System for Research (NDSR) (Supplemental Figure 1 ). In this cross-sectional analysis we include 103 HIV-infected (50 women and 53 men) and 38 HIV-uninfected participants. Data on markers of immune activation/inflammation and dietary sweeteners have been previously reported from this cohort (12, 13, 25) .
Other than HIV serostatus, inclusion and exclusion factors were identical for both groups and are detailed elsewhere (3, 12) . Briefly, patients aged 18-60 y were recruited based on absence of reported CVD or symptoms of cardiac disease. HIV-infected patients receiving antiretroviral therapy (ART) at the time of the study were required to have been on stable therapy for >3 mo before participation.
The Institutional Review Boards of the Massachusetts General Hospital (Partners Human Research Committee) and Massachusetts Institute of Technology approved the study; written informed consent was provided by all study participants.
Study procedures and assessment of CVD risk factors
Detailed medical and family histories, including sociodemographic factors, were collected at enrollment and confirmed in the medical record when available. Hypercholesterolemia was defined as participant report of hypercholesterolemia and verified in the medical record when available. Among HIV-infected participants, duration of HIV diagnosis and detailed history of past and present ART were also collected.
Assessment of dietary intake and diet quality
Clinical research dietitians instructed participants on the proper completion of the 4-d food record; daily nutrient intake was assessed using the NDSR software version 2006, developed by the Nutrition Coordinating Center, University of Minnesota, Minneapolis, MN, the details of which are described elsewhere (25) . Final calculations were completed using NDSR version 2012. The NDSR time-related database updates analytic data while maintaining nutrient profiles true to the version used for data collection.
For this analysis, diet quality was assessed using the HEI-2010. The HEI-2010 was developed by the USDA and the National Cancer Institute to measure overall dietary quality based on the Dietary Guidelines for Americans (18, 26, 27) . The Index consists of 9 adequacy components (total fruit, whole fruit, total vegetables, greens and beans, whole grains, dairy, total protein foods, seafood and plant proteins, and fatty acids) and 3 moderation components (refined grains, sodium, and empty calories). The empty calorie category includes calories from solid fats (fats that are solid at room temperature include fats from animals, hydrogenated vegetable oils, palm and coconut fats), added sugar, and excess calories from alcohol (>13 g/1000 kcal). Scores are awarded to each component based on how closely intake conforms with federal dietary guidelines, with higher scores indicating greater compliance. Using the NDSR output files, we calculated the HEI component scores (28) .
Metabolic, biochemical, and body composition parameters
All participants fasted ≥12 h before blood draws. Serum total cholesterol, serum HDL cholesterol, serum LDL cholesterol (calculated), serum triglyceride, and plasma glucose were quantified using standard techniques as previously described (3, 12) . CD4 + T lymphocyte counts were determined from plasma by flow cytometry; HIV viral load was assessed from plasma by ultrasensitive assay (Roche Amplicor). Crosssectional CT scan at the level of the L4 pedicle was performed to assess abdominal visceral adipose tissue (29) .
Immune activation and inflammatory markers
Immune activation and inflammatory markers were measured from plasma as previously described (12, 13) . Inflammatory markers measured included high-sensitivity IL-6 (hsIL-6) and high-sensitivity C-reactive protein (hsCRP). Immune activation markers measured included soluble CD14 (sCD14), soluble CD163 (sCD163), and monocyte chemoattractant protein 1 (MCP-1).
Physical activity assessment
Physical activity was assessed using the Modifiable Activity Questionnaire to assess hours of leisure activity during the past year and is described elsewhere (30) . Physical activity is reported as a continuous variable as activity hours per week, and also as a dichotomous variable by physical activity ≥2.5 h/wk or <2.5 h/wk according to the Physical Activity Guidelines for Americans (31) .
Statistical analysis
Normality of distribution of continuous variable data was determined using the Shapiro-Wilk test. Continuous measured outcomes are presented as mean (±SD) values or medians (IQRs), depending on normality of the distribution. All categorical variables are reported as proportions. To improve normality for univariate analysis, nonnormally distributed continuous variables were log-transformed.
Participants were stratified by HIV serostatus, within the HIV group by sex, then by HIV serostatus and sex. Two group comparisons (HIV-infected compared with HIV-uninfected; HIV-infected women compared with HIV-infected men) were performed using the Student's t test for normally distributed continuous outcomes, the median test for nonnormally distributed outcomes, and the chi-square test for categorical variables. Variables were compared between 4 groups (HIV-infected women and men and HIV-uninfected women and men) using ANOVA for normally distributed variables, the median test for nonnormally distributed variables, and by chi-square test for categorical variables. The overall 4-group comparison for total HEI score was significant, therefore differences between individual group HEI scores were assessed using Tukey's honestly significant difference post hoc test. We assessed independent effects of HIV serostatus and sex on clinical characteristics and dietary indexes.
In the HIV-infected group, a least squares multivariable regression model was used to evaluate the relation between HEI score and sex (male compared with female), with adjustment for potential confounders including age, BMI, race (white compared with nonwhite), total energy intake, CD4 + T lymphocyte count, education level (postsecondary education compared with no postsecondary education), and current employment status (yes or no). A sensitivity analysis was performed to control for ART class including current use of nucleoside reverse transcriptase inhibitors (yes or no), current use of nonnucleoside inhibitors (yes or no), and current use of protease inhibitors (yes or no).
To evaluate associations of HEI score with markers of immune activation/inflammation within the HIV group, linear regression was performed using Pearson correlation coefficients. Overall statistical significance was defined as P < 0.05.
All statistical analyses were performed using SAS JMP (JMP Version 12.0, SAS Institute).
Results
Demographic and clinical characteristics of the 103 HIVinfected and 38 uninfected participants are summarized in Table 1 . Both HIV-infected and HIV-uninfected groups were similar in age, sex, race, physical activity, and smoking status. The proportion of HIV-infected participants with postsecondary education and who were currently employed was lower compared with HIV-uninfected participants. Serum triglycerides were greater in the HIV-infected participants compared with HIV-uninfected participants, whereas BMI was significantly lower in the HIV-infected participants compared with HIV-uninfected participants. HIV-infected participants had a mean duration since HIV diagnosis of 14 y, with the majority on stable ART. Common ART types in use by the participants were abacavir, emtricitabine/tenofovir disoproxil/efavirenz, lamivudine, lopinavir/ritonavir, atazanavir, and efavirenz. In addition, over three-quarters of participants with HIV had an undetectable HIV viral load, and the mean CD4 + T lymphocyte count for the group was >500 cells/μL. There were 50 women and 53 men in the HIV-infected group. Demographic and clinical characteristics of the HIVinfected women compared with HIV-infected men are presented in Table 2 . A greater percentage of HIV-infected women compared with HIV-infected men were non-white. The proportion of HIV-infected men with postsecondary education was significantly higher than HIV-infected women; however, equal numbers were employed between the 2 groups. HIVinfected women had greater BMI, serum HDL cholesterol, CD4 + T lymphocytes, and lower Framingham 10-y risk of coronary heart disease (CHD), visceral adipose tissue, and triglycerides compared with HIV-infected men. The proportion of men and women reporting current ART use and the duration of ART therapy were similar. More HIV-infected men achieved ≥2.5 h/wk of exercise compared with HIV-infected women.
Demographic and clinical characteristics of study participants by HIV serostatus and sex are shown in Supplemental  Table 1 . There were significant overall group differences for race, education level, employment status, Framingham 10-y estimate of CHD, BMI, visceral adipose tissue, serum HDL cholesterol, and serum triglycerides. Table 3 shows dietary intake and diet quality as measured by HEI score and its components by HIV serostatus. Percentage of energy from saturated fats was greater in HIV-infected participants, although this difference is not clinically relevant. Total energy intake was similar between HIV-infected and HIV-uninfected participants. The proportion of HIV-infected participants who reported drinking any alcohol was significantly lower compared with the HIV-uninfected participants (52% compared with 74%, P = 0.02), and median alcohol consumption among participants reporting any alcohol use was significantly lower in HIV-infected participants compared with non-HIV-infected participants (0.12 compared with 5.2 g/d, P = 0.006).
Concerning overall diet quality (HEI score), HIV-infected participants had lower total HEI score compared with HIVuninfected participants, which was borderline significant, Diet quality and sex-specific differences in HIV 81 Median test for HEI variables. 3 1 cup = 236.588 mL; 1 oz = 28.3495 g. 4 Includes fruit juice. 5 Includes all forms except juice. 6 Includes any beans and peas not counted as total protein foods. 7 Includes all milk products, such as fluid milk, yogurt, cheese, and fortified soy beverages. 8 Beans and peas are included here (and not with vegetables) when the total protein foods standard is not otherwise met. 9 Includes seafood, nuts, seeds, soy products (other than beverages), and beans and peas counted as total protein foods. 10 Calories from solid fats, alcohol, and added sugars; threshold for counting alcohol is >13 g/1000 kcal.
indicating a trend to lower diet quality ( Table 3 , Figure  1A) . HIV-infected participants also had significantly lower HEI component scores for intake of seafood and plant proteins and beneficial fatty acids ( Table 3 , Figure 1B) , indicating less consumption of these foods. The HEI component score for empty calories was also lower among HIVinfected participants compared with HIV-uninfected participants ( Table 3 , Figure 1B) , indicating greater consumption of empty calories. Conversely, intake of both whole grains (P = 0.07) and greens and beans (P = 0.07) tended to be greater in the HIV-infected participants than in HIVuninfected participants, although these differences did not reach significance.
Within the HIV-infected group, there were significant differences in dietary intake between women and men ( Table 4) .
HIV-infected men demonstrated significantly higher energy intake per day than did HIV-infected women. In addition, HIVinfected men had increased consumption of dietary cholesterol, total fiber, and trans fatty acids compared with HIV-infected women, and HIV-infected women tended to consume a greater percentage of their energy intake from carbohydrates than did HIV-infected men.
In the comparison of HEI score between HIV-infected women and HIV-infected men, HIV-infected women had significantly lower total HEI score, indicating poorer overall diet quality (Table 4, Figure 1C ). HIV-infected women also had lower HEI component scores for intake of vegetables and refined grains compared with HIV-infected men ( Table 4 , Figure 1D ), and HIV-infected women also tended to have lower HEI component scores for greens and beans (P = 0.06) as well as seafood and plant proteins (P = 0.06), although these differences did not reach significance.
In the HIV group, overall HEI score was also compared in obese [BMI (in kg/m 2 ) ≥30) and nonobese participants. Within the HIV-infected obese group, the HEI component score for sodium was greater among HIV-infected nonobese participants [median (IQR): 3.8, (0.8, 5.7) compared with 2.5 (0.0, 4.1), P = 0.04], indicating lower intake of sodium, although there were no other significant differences in dietary characteristics between HIV-infected obese and HIV-infected nonobese participants.
Supplemental Table 2 shows dietary characteristics of study participants by HIV serostatus and sex. For this comparison when evaluating dietary intake, there were significant overall group differences for total energy intake, total energy intake adjusted by body weight, intake of dietary cholesterol, total fiber, and trans fatty acids. There was a significant overall difference in HEI score when assessing HEI score by HIV serostatus and sex. When evaluating the between-group differences for total HEI score, HIV-infected women had significantly lower total HEI score (49.2) than did both HIV-uninfected men (61.8) (P = 0.002) and HIV-infected men (55.7) (P = 0.005). There were no significant differences between HEI scores in HIVinfected men and HIV-uninfected men (Supplemental Table 2 , Figure 2 ). Multivariable regression modeling was performed to further evaluate the relation between diet quality (log HEI score) and sex (male compared with female) and other potential confounding factors in the HIV-infected group (Supplemental Table 3 ). In this model we controlled for age, BMI, total energy intake, CD4 + lymphocyte count, race, education, and employment status. In this analysis, female sex was a significant predictor of decreased log total HEI score after controlling for these potential confounding factors. In a sensitivity analysis we controlled for all potential confounding factors included in the main multivariable model as well as ART class, including current nucleoside reverse transcriptase inhibitors, current protease inhibitors, and current nonnucleoside inhibitors. In this model, the parameter estimate for sex was similar to the parameter estimate for sex in the main multivariable model without ART class included as a potential confounder.
Consistent with prior data (12, 13) , HIV-infected participants had significantly greater concentrations of plasma immune activation markers than HIV-uninfected participants [medians (IQRs)], including sCD14 [523 ng/mL (250, 2059 ng/mL) compared with 298 ng/mL (166, 663 ng/mL), P = 0.005] and sCD163 [1247 ng/mL (881, 1877 ng/mL) compared with 832 ng/mL (639, 1179 ng/mL), P = 0.001]; whereas inflammatory markers hsCRP and hsIL-6 did not differ. As in previous reports (12) , compared with HIV-infected men, HIV-infected women had greater plasma concentrations of sCD14 [2067 ng/mL (1163, 2749 ng/mL) compared with 288 ng/mL (136, 400 ng/mL), P < 0.0001], sCD163 [1548 ng/mL (1100, 2493 ng/mL) Diet quality and sex-specific differences in HIV 83 Table 3 footnotes for detailed information regarding HEI-2010 components.
compared with 1010 ng/mL (693, 1548 ng/mL), P = 0.004], and hsIL-6 [1.6 pg/mL (1.0, 2.6 pg/mL) compared with 0.9 pg/mL (0.7, 1.5 pg/mL), P = 0.008].
In an exploratory analysis to understand whether diet quality was associated with markers of immune activation/inflammation known to be perturbed in HIV, we performed univariate analysis among HIV-infected participants to assess for correlations. Higher total log HEI score was significantly associated with lower log concentrations of sCD14 (Supplemental Figure 2) . However, total log HEI score did not correlate with other markers of immune activation or inflammation (data not shown). Further examining relations with log sCD14 and components of the HEI score, increased log vegetable component score tended to be associated with lower log concentration of sCD14 (r = -0.20, P = 0.05), and higher log empty calorie component score (decreased empty calorie consumption) was also related to lower log concentration of sCD14 (r = -0.20, P = 0.04).
Discussion
To our knowledge, few data in the HIV population are available exploring HEI score, which can be used to measure diet quality in terms of conformance with US federal dietary guidelines. In this cross-sectional analysis, we found that participants with HIV tended to have lower HEI scores compared with participants without HIV. Moreover, we found a significantly lower dietary score among HIV-infected women than among HIV-infected men.
The results from this study, if confirmed, may have important clinical implications. Because PWH are living longer, improving diet quality might be a useful strategy to maintain healthy weight and prevent onset of or mitigate metabolic abnormalities which are prevalent in this population. In this regard, we compared dietary components that make up the HEI score to determine which components could be modified to improve overall diet quality. The HIV-infected participants had decreased component scores for seafood and plant proteins and beneficial fatty acids, indicating decreased consumption of these foods. They also had decreased component scores for empty calories, indicating increased consumption of these foods. Understanding which components of the HEI score are low may help to develop more simplified interventions for PWH. Thus far, previous studies evaluating dietary interventions to improve diet in this population have had mixed results (23, (32) (33) (34) . These studies evaluated interventions that attempted to modify multiple dietary habits simultaneously. A potential alternative to this approach may be to develop a targeted intervention to modify a singular dietary habit, such as replacing empty calories with nutrient-rich foods. This simplified approach may be more effective than broad interventions to 84 Weiss et al. modify multiple dietary habits and may have the beneficial effect of ultimately improving overall diet quality in this population.
We explored sex-specific differences in HEI score and found that WWH had lower total HEI scores compared with HIVinfected men and HIV-uninfected men. After controlling for multiple potential confounders such as age, CD4 + count, race, employment status, education level, BMI, and energy intake, there was a robust relation between female sex and lower HEI. HEI may be lower among WWH for several reasons. Women with HIV have lower socioeconomic status than men with HIV, which may be associated with lower overall diet quality because of difficulties with affordability and access to more healthy foods, among other reasons (35, 36) . Another possible factor may be the increased prevalence of depressive symptoms among WWH (37) . Limited evidence supports an association between depressive symptoms and increased likelihood of having an unhealthy diet in some populations (38, 39) . Finally, food insecurity is highly prevalent among WWH (40, 41) , and consumption of high amounts of energy-dense, nutritionally sparse foods, which are notably high in empty calories, are characteristics of the diet in food-insecure households (42) . Studying sex differences in behaviors that influence health, including nutrition, is important, because knowledge of sexspecific differences in diet may help to tailor interventions and educational campaigns to provide optimal nutrition in the HIV population.
Relations of specific macro-and micronutrients to immune function and/or inflammation have been studied in the general population. As the human diet is diverse and complex, evaluating the relation of the HEI dietary quality score to individual nutrients may offer a more comprehensive understanding of the effects of overall diet. In this regard, few investigations in the general population have explored relations with overall diet quality and biomarkers of inflammation such as CRP (43, 44) , leptin (44) , and IL-6 (45) . A unique finding of this investigation was that higher HEI score, indicating better diet quality, was associated with decreased sCD14, a marker of immune activation that has previously been shown to relate to HIV disease progression, CVD, frailty, and mortality (46) (47) (48) . Indeed, additional investigations of diet quality in other larger HIV cohorts are necessary to explore potential relations between HEI score and other soluble biomarkers of immune activation (such as sCD163), and/or markers of inflammation (such as IL-6).
One potential mechanism for the relation observed in the current study may be via the effects of the diet to alter the composition of the gut microbiota as well as gut integrity (49), thus facilitating gram-negative bacteria, a source of LPS, to enter the systemic circulation. LPS concentrations are known to be high among PWH (50) , and are associated with CVD progression (46) . It has been suggested that high concentrations of sCD14, a monocyte activation marker, whose role is to sequester and translocate LPS and other bacterial compounds to inflammatory signaling pathways, is reflective of LPS exposure (50, 51) . Among participants with type 1 diabetes, Ahola et al. (52) recently demonstrated that food choices considered to be healthy, such as fish and fresh vegetables, were associated with lower LPS activity. Therefore, a healthier diet may have the capacity to inhibit LPS from entering into the circulation, resulting in lower sCD14 (53) . Our data are suggestive of a potential relation between diet quality, gut integrity, and immune activation in individuals with HIV, which warrants further exploration.
In a cohort of individuals with HIV, Webel et al. (54) recently found that alcohol consumption was positively associated with markers of immune activation. However, the investigators did not report on associations with immune activation and macronutrients, and diet quality was not calculated. We did not find the same relations with alcohol intake and markers of immune activation in the current study (data not shown). This could be because minimal alcohol consumption in our cohort, as median intake, was reported to be <1 g/d in participants with HIV (for comparison, one standard alcoholic beverage contains 14 g of alcohol).
Although our observations provide important insights into diet quality, including sex-specific differences in diet quality as well as potential relations with immune activation markers in the setting of HIV, the study design was cross-sectional and therefore we cannot make definitive conclusions on causality. Our observations stimulate hypotheses that need further testing in larger, prospective interventional trials. Data were collected between 2006 and 2012, and individual ART as well as prescribing guidelines have evolved since this time, therefore findings using contemporary ART may be different. We used a standardized 4-d food record based on self-reported dietary intake, and this may not reflect chronic intake patterns. It is possible that our findings were a result of some other dietary factor that correlated strongly with HEI or its components. Although BMI was modestly different between the HIV-infected participants and HIV-uninfected participants in the final dataset Diet quality and sex-specific differences in HIV 85 with analyzable food record data, we adjusted for BMI in the multivariable model to account for this difference. Other characteristics of our participants not measured in the current study, such as income and food insecurity, may have contributed to differences in HEI score. In this analysis, the relation with sex and HEI remained significant, although we recognize there may be other potential confounding factors not measured. Also, we cannot eliminate the potential for reverse causality in this observational study. Finally, there might be limited power to make our comparisons with 17 HIV-uninfected women and 21 HIV-uninfected men. However, we did demonstrate significant differences in our comparisons, although larger studies with more power are needed to confirm our findings.
In summary, this is the first study to assess sex-specific differences in diet quality and relate diet quality to measures of inflammation/immune activation in a cohort of individuals with HIV. We found that diet quality, as measured by HEI score, tended to be lower in the HIV-infected participants, and HIVinfected women had significantly lower HEI score than did HIVinfected men and HIV-uninfected men; the relation with sex and HEI score remained when controlling for potential confounding variables among the participants with HIV. Novel data from the current study suggest a potential unique relation between overall diet quality and immune activation, such that increased HEI score was associated with lower sCD14, a surrogate marker of microbial translocation. Additional studies are needed to further evaluate diet quality among PWH, as well as the relation with diet quality and immune activation.
